A simple and novel method was developed by combination of dispersive liquid-liquid microextraction with UV spectrophotometry for the preconcentartion and determination of trace amount of malathion. The presented method is based on using a small volume of ethylenechloride as the extraction solvent was dissolved in ethanol as the dispersive solvent, then the binary solution was rapidly injected by a syringe into the water sample containing malathion. The important parameters, such the type and volume of extraction solvent and disperser solvent, the effect of extraction time and rate, the effect of salt addition and reaction conditions were studied. At the optimum conditions, the calibration graph was linear in the range of 2-100 ng mL-1 of malathion with a limit of detection of 0.8 ng L-1. In addition, the enrichment factor was 30. The developed method was successfully applied for the determination of malathion pesticide in water samples.
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Introduction
Pesticides are one of the most potentially harmful chemicals introduced into the environment. Worldwide using pesticides increased enormously since the 1960s. However, using pesticides helped to significantly reduce crop losses and to improve the yield of crops such as corn, maize, vegetables, potatoes, and cotton. Organophosphate pesticides are commonly used pesticides in the world and require more awareness because of their possible toxic effects on-target animals [1] . Malathion (S-1,2-bis(ethoxycarbonyl) ethyl-O,Odimethyl-phosphorodithioate) Figure 1 is an organophosphorus pesticide that used in both agriculture and households to control insect pests affecting a number of crops, stored grains and livestock feed via ground and aerial sprays and aerosols. Malathion rapidly converts to its metabolism malaoxon either after absorption or ingestion into the human body or in untreated water during the chlorination phase of water treatment. Therefore, malathion should not be used in the drinking waters or any upstream waters. In addition, the toxic exposure effect to high level of malathion considers a source of body-wide symptoms such skin and eye irritation, cramps, nausea, diarrhea, excessive sweating, seizures and even death [ In the analytical process, sample preparation is the first necessary and crucial step since it provides reliable and accurate results at low detection limits. Recently, there is considerable awareness about the environment; therefore sample preparation techniques using solvents with low toxicity that are more environmentally friendly are important. Most of traditional sample preparation techniques are time consuming and tedious procedure. Moreover, they demand using large amounts of hazardous high-purity organic solvents, that resulting in the production of toxic laboratory wastes. Microextraction technique effectively overcomes these problems by reducing the amount of organic solvent. In addition, extraction, preconcentration and sample introduction are done in one step. Various microextraction techniques have been widely used for the pesticide analysis such as solid-phase microextraction [15] [16] liquid-phase microextraction [17] [18], stir-bar sorptive extraction [19] [20] combination of dispersive liquid-liquid microextraction (DLLME) with HPLC-MS/MS [21] and micro-solid phase extraction [22] [23] . Most of microextraction methods are simple, rapid and consume smaller amounts of toxic solvents than conventional sample-preparation methods. DLLME is one of the effective microextraction techniques that have been developed by Rezaee et al. in 2006 [24] . It based on formation a cloudy solution after injection of appropriate mixture of extraction and disperser solvents rapidly into the aqueous solution. The simplicity of operation, rapidity, low time, high recovery and high enrichment factor are among the main advantages of DLLME [25] . In this work, reliable, simple, inexpensive method for the determination of malathion in water samples by spectrophotometric determination after preconcentration by DLLME technique. Moreover, some parameters such as extraction solvent, dispersive solvent, effect of salt addition, and extraction time were investigated and optimized.
Materials and Methods
A Shimadzu-160 double beam UV-Vis spectrophotometer with 1 cm quartz micro cell was used for the determination and analysis of Malathion. Phase separation was accelerated using Hettich centrifuge (EBA 20) with 10 mL calibrated centrifuge tubes was used. All chemical reagents used were of analytical grade and double distilled water was used. Stock solution (1000 μg mL -1 ) was prepared by dissolving the appropriate amount of malathion in methanol while working standard solutions were prepared freshly by appropriate dilution of the standard stock solution. Methanol, ethanol, chloroform, carbon tetrachloride, 1, 2-dichloroethane, dichloromethane, and ethylene chloride were obtained from Merck (Darmstadt, Germany).
Dispersive liquid-liquid microextraction procedure
To a glass test tube with a conical bottom, an aliquot amount of the sample solution containing 10 ng/mL -1 was added. After a few minutes, a binary solution containing 1.5 mL of ethanol (disperser solvent) and 300 μL of ethylene chloride (extraction solvent) was injected rapidly into the sample solution using a syringe and a stable cloudy solution (water, ethanol and ethylene chloride) was rapidly produced, resulting in fine droplets. Thereafter, malathion was extracted into fine droplets of ethylene chloride. Later, the mixture was centrifuged at 4000 rpm for 3 min, and the fine droplets of ethylene chloride were joined together and sedimented at the bottom of the conical test tube. After removing of the aqueous phase, the remained organic phase was diluted to 400 μL with ethanol and transferred to a 500 μL cell the absorbance measured at 226 nm against blank. A blank solution was prepared as for the sample solution without adding any malathion.
Results and Discussion
It is necessary to investigate the maximum absorption wavelength for the quantitative analysis of malathion. Therefore, sample solution con-taining different concentrations of malathion was examined according to the recommended procedure of DLLME and corresponding spectra of sedimented phase were recorded in the range of 200-650 nm. Figure 2 shows maximum absorbance wavelength at 226 nm. Therefore, this wavelength was selected for measuring the absorbance of the extracted phase throughout this work. In order to achieve a high recovery and enrichment factor, all the parameters that can probably influence the extraction performance such as; type and volume of extraction solvent, kind and volume of disperser solvent, extraction time and salt concentration that were investigated and optimized.
Figure 2: UV-Spectrum of malathion a) 500 ng mL -1 before DLLME and b) 50 ng mL -1 after DLLME.
Effect of type and volume of the extraction solvent
In DLLME, the type of extraction solvent is an important factor for efficient extraction and should meet three requirements. The solvent should be denser than water, low solubility in water and it capable to extract the interested compounds [26] . Due to high density of halogenated hydrocarbons, usually they are examined as an extraction solvent. Thus, chloroform (CHCl 3 ), carbon tetrachloride (CCl 4 ), 1,2-dichloroethane (C 2 H 4 Cl 2 ), dichloromethane (CH 2 Cl 2 ), and ethylene chloride were examined for this purpose.
In spite of a cloudy solution and two-phase system was formed using the selected solvents but ethylene chloride shows higher signal than others. Therefore, ethylene chloride was selected as extraction solvent. The effect of the extraction solvent volume was performed using 1.5 mL of ethanol different volumes of ethylene chloride in the range of 200-800 μL. According to Figure 3 , the absorbance increased by increasing the volume of ethylene chloride to 300 μL and then remained approximately constant with further increasing of its volume. Therefore, 300 μL was selected as optimum volume in other experiments. 
Effect of type and volume of the disperser solvent
Selection of the disperser solvent is based on its miscibility in the extraction solvent and aqueous solution, which enables the extraction solvent to be dispersed as fine droplets in the aqueous phase to form a cloudy solution. Therefore, it is limited to some solvents such as methanol, ethanol, acetonitrile, and acetone. A series of sample solutions were studied using 1.5 mL of each disperser solvent with 400 μL of ethylene chloride as the extraction solvent. The results show that high enrichment factors were obtained with ethanol. The effect of different volume of ethanol ranged from1000-3000 μL using 400 μL of chloroform on the extraction recovery was examined.
As it is shown in Figure 4 the absorbance reached its maximum value at 1500 μL of ethanol to disperser solvent volume and after that, the absorbance decreases slowly. Thus, 1500 μL of ethanol was chosen as the proper amount. 
Effect of extraction time and extraction rate
Extraction time is the important factor in most extraction techniques. It defined as the interval time between the injection of the solvents mixture and starting to centrifuge. The effect of extraction time was studied over the range of 1 to 15 min under the constant experimental conditions. Due to the infinitely large surface area between extraction solvent and aqueous phase after the formation of cloudy solution, malathion diffuses quickly into the extraction solvent. Therefore, equilibrium state is achieved quickly and the extraction time is very short about 3 min. Extraction rate (centrifuge rate) was also examined in the range of 1000-5000 rpm for 5 min. Higher absorbance value was obtained at 4000 rpm. Subsequently, it was selected as the best centrifuge rate.
Effect of salt addition
In general, addition of salt decreases the solubility of analytes in the sample solution by increasing the ionic strength (salting out effect) and enhances their partitioning into the organic phase. The influence of ionic strength on the performance of DLLME, was investigated by adding 0, 2.5, 5 and 10% (w/v) sodium chloride, respectively to sample that was spiked with malathion. However, it was found that salt addition did not result in an increase in extraction efficiency while addition of large amounts of salt to the aqueous phase increases its viscosity. Therefore, the velocity of the mass transfer processes of the analytes from the aqueous layer to the organic layer is diminished. Thus, no salt was added in further experiments.
Analytical features of the proposed method
After optimization all the experimental conditions, analytical parameters of the proposed method such regression equation, linear range, limit of detection, reproducibility, preconcentration, and improvement factors were investigated and the obtained data were summarized in Table  1 . The calibration graph was linear in the range of 2-100 ng/mL -1 with a correlation coefficient (r) of 0.9996 while, the limit of detection (LOD) was calculated based on and limit of quantification (LOQ) based on (where Sb, and m are standard deviation of the blank, and slope of the calibration equation, respectively). However, LOD and LOQ values were 0.8 ng/mL -1 and 2.56 ng/mL -1, respectively. The preconcentration factor for the proposed DLLME method is calculated by the ratio of the highest sample volume (10 mL) and the final volume of nearly 300 μL. Therefore, the solution is concentrated by a factor of 33.3. The enrichment improvement factor was obtained from the slope ratio of the calibration graph after and before the extraction. According to this concept, enrichment improvement factor of 29 was obtained. 
Parameters Data
Regression equation using DLLME The results before DLLME
Application to real samples
To evaluate the performance and validation of the suggested method, it was applied to determine the malathion in two water samples, which were selected from Tap and river water (Baghdad, Iraq). The tested water samples were found to be free from malathion according to the optimized procedure. The results are presented in Table 2 . The recoveries for the addition of different concentrations of malathion to samples are in the range of 98.8-102.1% and indicate that the proposed method is suitable for determination of trace amounts of malathion in the real samples. 
Conclusions
Spectrophotometric method by using DLLME technique for the extraction, preconcentration and determination of trace amount of malathion in water was developed. Besides employment of usual laboratory equipment, the proposed DLLME method provides advantages such as simplicity of operation, low sample volume, low cost and high preconcentration factor. Moreover, due to the large surface area between the organic droplets and the aqueous sample solution, it is much shorter since the extraction equilibrium is reached quickly. Finally, in comparison to solvent extraction methods, it is much safer, since only a small amount of the solvent is used. 
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